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Little is known and understood of the fundamental mechanisms underpinning the fracture of atom probe
specimens during their analysis. Yet it is one of the main experimental limiting factors, as most
experiments end with the specimen’s fracture [1]. The stress associated with the electric field
(electrostatic pressure) has been estimated via various methods [2-4] and is known to be very intense, in
particular towards the specimen apex, where the electric field is enhanced by the lightning rod effect.
Observation of elastic deformation [5] as well as stress-induced twinning [6] have both been reported.

The investigation by Moy et al. made use of finite-element simulations to derive the stress distribution
along the specimen, and demonstrated a strong dependence on the specimen geometry. Interestingly, the
fracture is known to occur somewhere down the shank of the specimen and not where the normal stress
is the most intense, at the specimen apex. For a long time, this was only poorly understood. Here we
propose that the Weibull theory (i.e. theory of weakest link) of brittle fracture can be applied to the
fracture of atom probe specimens.

Atom probe experiments are performed at low temperature (20K —80K) we can consider that the fracture

occurs in a brittle way. The probability of fracture is written as [7]: P(c,,V)=1—exp| — I [G“ J (\1/—\/
c
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where 6, V_, m are materials parameter and dV the volume under the normal stress &, . The Weibull’s

parameters have been identified for some bulk materials (for tungstenc, = 356MPa, m=5.5, V, =Icm’

[8]). Based on the results of Moy et al., we adapted the above formula to derive the fracture probability
for an atom probe specimen, and as depicted in Figure 1. The approach seems to be relevant for
predicting the locus of fracture, down along the specimen shank and not right at the tip of the specimen.

It is well documented that the outer-shape of atom probe specimens cannot be accurately described by a
parabola, mostly due to a flattening of the apex during field evaporation. We hence derived a function

n n-1
y = a.(x] / (1 + xj that allows reproducing the slow change in slope towards the apex, as well as

X X

the steadily increasing shank. The parameters a and x, can be adjusted to reflect the radius of curvature
and shank angle of the specimen. We used this function to fit experimental specimen shapes obtained by
electron microscopy, as shown in Figure 2. We observed that using n=3 or 4 enabled to precisely fit the
specimen shape. We finally extended the definition of the fracture probability to these functions and, as
shown in Figure 3, the fracture probability is strongly dependent on the exact shape of the specimen for
a similar shank angle and radius of curvature, which is in agreement with experimental observations.
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Figure 1. (a) Analytical expression derived from the numerical simulations from ref. [4], and (b)
associated probability of brittle fracture as a function of the distance to the apex for a parabolic tip.
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Figure 2. Extracted shape of pure tungsten atom probe specimens after analysis observed by electron
microscopy and fitted function (red). The fitting parameters are inserted within the figure. Two
examples are shown, one with a best fit obtained for n=3 (left) and a second for n=4 (right).
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Figure 3. Brittle fracture probability as a function of the distance to the apex for three specimen shapes
with similar shank angle and radius of curvature.
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